Lubrication of Bearings
In a bearing, lubrication forms a thin oil film on both the rolling surface and sliding surface to prevent metalto-metal contact. The benefits of lubricating a rolling bearing can be summarized as follows:
(1) Alleviation of friction and wear (2) Removal of friction heat (3) Longer bearing life (4) Rust prevention (5) Protection against contamination by foreign matter To achieve the full lubricating effect, it is necessary to use the lubricating system best suited for design operating conditions; select a quality lubricant; remove dust from the lubricant; and design an appropriate sealing structure to prevent contamination by foreign matter as well as lubricant leakage.
The main spindle of a machine tool usually uses an extremely low volume of lubricant so heat generation from stirring of lubricant is minimal. Fig. 7 .1 summarizes the interrelation among oil volume in a bearing, friction loss, and bearing temperature.
The lubrication methods available for bearings on a machine tool include grease lubrication, oil mist lubrication, air-oil lubrication, and jet lubrication. Each method has unique advantages. Therefore, a lubricating system should be selected that best suits the lubrication requirements.
Tables 7.1 and 7.2 summarize the features of various lubrication methods. With an extremely low oil volume, partial metal-to-metal contact occurs between the rolling elements and raceway surface, possibly leading to abnormal wear and bearing seizure.
A uniform, non-interrupted oil film is formed. Friction is minimal and bearing temperature is kept low.
Even with a greater oil volume, heat generation and cooling are in balance.
A further increase in oil volume contributes to a significant cooling effect, and the bearing temperature drops.
Temperature increase is constant regardless of oil volume. Grease lubrication is the most common, as it simplifies the main spindle structure more than other lubricating systems. With an adequate amount of quality grease prefilled, this system can be used over a wide The allowable maximum speed of a greaselubricated bearing varies with the type and size of bearing: with a high-speed angular contact ball bearing, the dmn value should be 140 10 4 as a guideline. For applications exceeding this range, consult NTN Engineering.
Grease types
A lithium-based grease, whose base oil is mineral oil, is commonly used as a lubricant for rolling bearings, as it is compatible with the working surface of the bearing. Its operating temperature range is -30˚C to 130˚C.
When the temperature increase must be limited, as with the main spindle of a machine tool, NTN recommends the use of a synthetic-oil-based grease (diester, diester+mineral oil) whose consistency is NLGI grade 1 or 2. Table 7 .3 lists technical data for greases commonly used for the main spindle of a machine tool.
Amount of grease required
Usually, a bearing for the main spindle of a machine tool requires a small amount of grease so heat generated by the stirring of the grease during highspeed operation is minimal. As a guideline, the amount of grease used for a main spindle bearing is given below, by type and speed of bearing. ¡Angular contact ball bearing (dmn value 65 10 4 ); 15% of bearing space (dmn value 65 10 4 ); 12% of bearing space ¡Cylindrical roller bearing; 10% of bearing space ¡Tapered roller bearing; 15% of bearing space
The spaces in the bearings typically used for the main spindle are listed in dimension tables. Determine a fill amount by referring to the relevant dimension table.
Before filling a bearing with grease, remove the rustproof coating from the bearing with clean wash oil and allow the bearing to dry fully. Then, fill and uniformly distribute an appropriate amount of grease in the bearing with an injector or a plastic bag, etc. Table 7 .3 Typical greases for main spindle of machine tool Air-oil lubrication (also known as oil-air lubrication or oil and air lubrication) is widely adopted for main spindle bearings in order to cope with the higher speed and precision of the main spindles of machine tools and by ensuring more reliable lubrication.
Grease lubrication
Air-oil lubrication employs a method by which compressed air is used to feed lubricating oil in precisely controlled amounts. Generally, an air-oil lubrication unit is adopted that operates a volumetric piston-type distributor that accurately meters the required minimum amount of lubricating oil and feeds it at optimal intervals controlled by a timer.
Special features of air-oil lubrication
Air-oil lubrication has the following advantages over conventional oil mist lubrication: ¡Accurately supplies a minimal amount of oil. ¡Can be adjusted to provide the proper amount of lubricant for individual bearings. ¡No limitations exist regarding lubricant viscosity and extreme pressure additives. ¡Compressed air helps cool the bearing. ¡Variations in the distance and height of lubrication points does not affect lubrication efficiency. ¡Health hazards of oil mist are minimized. ¡Low consumption of lubricating oil. ¡Compressed air can prevent contamination of bearing by coolant. ¡The recommended oil viscosity is 10 to 32 mm 2 /s. 
Example of an air-oil lubrication unit

About air-oil lubrication nozzle spacer
Air-oil lubrication requires a specialized nozzle because it feeds an optimal amount of lubricating oil to the inside of the bearing by means of compressed air. (Fig. 7.3) A nozzle with a hole diameter of 1.0 to 1.5 mm and a length 4 to 6 times the hole diameter is recommended. 
About exhausting method for air-oil lubrication
Air-oil lubrication is a lubricating method in which a large amount of air is used to feed lubricating oil to the inside of the bearing. Therefore, it is essential that the air fed into the bearing be allowed to escape. If the air is not smoothly exhausted, the lubricating oil will remain in the bearing and possibly contribute to bearing seizure. In the design stage, remember to allow ample space on the exhaust side of the bearing in order to increase exhaust efficiency and provide a larger oil drain hole to ensure smooth airflow. In addition, for types that allow for repositioning of the spindle, it is recommended that the shoulder dimensions of all parts be designed to prevent lubricating oil from flowing back into the bearing because of the change in attitude of the main spindle. Unnecessary dimensional differences can contribute to stagnancy of the lubricating oil.
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When used as a lubricating system for the main spindle of a machine tool, it can minimize the temperature increase of the bearing. However, the resultant torque loss is great, as a large amount of oil is supplied to each bearing. Therefore, this arrangement requires a powerful motor to drive the main spindle. Low viscosity oil (2-3 mm 2 /s) is used. Fig. 7.9 shows examples of the temperature increase of the same bearing with air-oil lubrication and jet lubrication, while Fig. 7 .10 graphically plots test results of power loss with the same bearing.
